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ABSTRACT: 
Groundwater is one of the most important sources for drinking water, livestock water, and 
irrigation in Africa. It is of vital importance in meeting the Millennium Development Goals 
(MDGs) target of accessing clean water, as most of rural Africa and a considerable part of 
urban Africa are supplied by groundwater. Groundwater also has a major role to play in 
improving food security through expansion of irrigation supplied by shallow and deep wells. 
As such, groundwater has high relevance to the development and wellbeing of Africa, if 
adequately assessed and sustainably exploited. However, impacts of rapid development and 
climate change on water resources, including groundwater, are expected to be very severe 
unless major actions are taken to address the limited human and institutional capacity and 
hydrogeological knowledge base needed to devise sustainable adaptive water management 
strategies. Whilst the potential for groundwater resources development and the extent of their 
vulnerability due to climate change in the African context continue to be reported in the 
literature, a quantitative understanding of these issues remains poor. Although groundwater 
systems respond to human and climatic changes slowly (relative to surface water systems), 
climate change still could affect groundwater significantly through changes in groundwater 
recharge as well as groundwater storage and utilization. These changes result from changes in 
temperature and precipitation or from change in land use/land cover, and increased demand. 
There is therefore a need for ensuring sustainability and proper management of groundwater 
resources through instituting proper aquifer management practices such as the establishment 
of groundwater monitoring systems, better understanding of the role of groundwater storage 
and groundwater discharges in sustaining aquatic ecosystems, understanding the interactions 
between various aquifers (including transboundary aquifers) and assessing the impact of 
increased pumping from various aquifer systems on the sustainability of groundwater 
abstraction. This paper provides an overview of the regional hydrogeological framework, the 
current state of knowledge of aquifer systems, their development potential and climate 
change impacts on groundwater, research gaps, and policy implications for meeting the 
MDGs of accessing clean water and livelihood goals in Africa. 
 
KEYWORDS: Groundwater, Africa, Climate change and variability, Monitoring, 
Vulnerability, Adaptation, Water storage 
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1. SETTING THE SCENE ON GROUNDWATER RESOURCES IN 
AFRICA 
Groundwater is an important source of water on the African continent for meeting various 
demands. It is particularly important for arid and semi arid countries in the Northern and 
Southern parts of Africa since it is often the only source of water (UNEP, 2010). 
Groundwater resources represent 15% of the continent’s renewable water resources (UNECA 
et al., 2000), yet its hidden presence under the ground has left it largely under-valued and 
under-utilized, with the exception of the provision of potable supplies. Whilst the availability 
of rainwater and freshwater from rivers and lakes will become more erratic and thus less 
reliable as a result of climate change impacts, groundwater on the other hand, will respond to 
climate change effects, such as pronounced variability, higher temperature and evaporation, 
in a much more tempered fashion. 
Since ancient times, groundwater has been central to human development, with the location 
of settlements remote from major perennial water bodies being determined almost entirely by 
the availability of adequate groundwater supplies accessed through hand-dug wells and 
springs. Groundwater has become the preferred source of supply for the thousands of 
communities dispersed across small urban towns and rural areas. The characteristics that 
often make groundwater attractive include its ubiquitous and perennial presence, high storage 
capacity, good water quality, resilience to inter-annual climate variability and low cost 
relative to alternative sources (Adelana and MacDonald, 2008; Calow et al., 2010). It is 
estimated that more than 100 million people, including rural people throughout sub-Saharan 
Africa utilize groundwater for domestic supplies and livestock rearing (Adelana and 
MacDonald, 2008). Groundwater is the source of drinking water for 75% of the continent’s 
population (UNECA et al., 2000). This proportion is higher in some arid and semi-arid 
countries and in the case of Libya is as high as 95% (Margat, 2010). At the continent-scale, in 
terms of quantity, groundwater is mainly used for irrigation (75%) while domestic water use 
represents around 20%, although a high heterogeneity exists, with groundwater use in rural 
areas being very important for domestic uses. Most of the villages and small towns having 
access to groundwater supplies, and even many of the largest cities (e.g. Addis Ababa, 
Abidjan, Dakar, Nairobi, Dar es Salaam, Windhoek), meet a large proportion of the urban 
demand from well-fields (Masiyandima and Giordano, 2007). Naturally, it has been the drier 
northern, western, eastern and southeastern parts of Africa with annual precipitation of less 
than 1000 mm/yr and diminished surface water storage opportunities, where groundwater 
development has most flourished (Foster et al., 2006).  
The available information suggests that groundwater availability in Africa on a per-capita 
basis is not low, and probably higher than many other regions of the world, including some 
European countries (Giordano, 2006). Whilst such broad generalizations mask the substantial 
variation that indeed occurs across the region, nevertheless, such statistics clearly show that a 
vast untapped potential remains. It is the myriad of technical, socio-economic and 
institutional factors that have historically constrained the extent of groundwater use 
(MacDonald and Davies 2000; Masiyandima and Giordano, 2007; Shah et al., 2007). 
There are three major drivers for heightened modern-day interest toward groundwater 
development in Africa. The first, and arguably the most pressing over the short term, relates 
to the UN Millennium Development Goals (MDGs) for provision of improved access to safe 
and clean water supplies to all affected SSA communities. In that sense, the delivery of 
groundwater through well-placed and appropriately constructed and maintained borewells has 
a vital role to play for the reasons mentioned above. Secondly, adequate access to 
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groundwater for livestock watering and small-scale and commercial irrigation represents an 
important measure of poverty and livelihoods potential (Carter and Bevan, 2008). To that 
end, groundwater is still a largely untapped resource for agricultural development in SSA 
(Giordano, 2006; Masiyandima and Giordano, 2007). Thirdly, climate change affects the 
precipitation and temperature dynamics on a global scale, and hence will impact upon the 
supply and demand for water of local communities. Enhancing water storage capacity, both 
above and below ground, is widely accepted as a coping strategy against hydrological shocks 
such as floods and droughts (Hetzel et al., 2008; Taylor, 2009; McCartney and Smakhtin, 
2010). 
A significant impact on water resources from climate change is anticipated, with an 
increasing number of African countries likely to face greater water stress by 2025. While 
groundwater offers essential livelihood mechanisms as noted above, groundwater resources 
in Africa represent an essential part of climate change adaptation strategies. Groundwater 
resources in Africa are broadly distributed, of generally good quality, and resilient to climate 
variability including extreme climate events. They constitute the most important buffer and 
reserve of water during surplus periods as well as a source of water for streams and/or direct 
withdrawals in times of shortage and thus are expected to play an essential role for climate 
change adaptation. 
However, there are major gaps in the knowledge of groundwater resources in Africa with 
significant uncertainty regarding the impact of climate change on groundwater resources and 
groundwater-dependent ecosystems in Africa. The aim of this paper is to provide an overview 
of the current state of knowledge on groundwater in Africa so as to identify and highlight the 
most critical gaps that currently exist towards the evolution of sustainable groundwater 
development and attainment of MDGs for provision of drinking water, increased food 
security and adaptation to climate change impacts. By so doing, it is hoped that this will help 
to solicit appropriate responses from governments and the donor community to support the 
implementation of on-the-ground activities and action research needed to improve access and 
sustainable use of groundwater resources. 
2. MAJOR AQUIFER SYSTEMS AND THEIR DEVELOPMENT 
POTENTIAL 
2.1 Aquifer Systems 
At the broadest scale, the regional hydrogeological framework for Africa is now reasonably 
well known thanks to systematic efforts by various workers over past decades. 
Comprehensive reviews of the regional hydrogeology provinces can be found in various 
studies (e.g. UNESCO, 1991; MacDonald and Davies, 2000). 
Across the African continent (including island countries) there are four major aquifer types: 
the crystalline basement extending over about 40% of the landmass; consolidated 
sedimentary rocks covering about 35%; unconsolidated alluvial sediments covering 20%; and 
volcanic rocks over just 5% (MacDonald et al., 2005). 
The crystalline basement rock features the most complex array of weathered and fractured 
crystalline igneous and metamorphic rocks situated over much of West Africa, Eastern Africa 
in Uganda and Tanzania, and Southern Africa in Malawi, much of Zimbabwe, northern 
Mozambique and northern South Africa. Basement complex aquifers have little or no primary 
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permeability and useful aquifers arise where extensive weathering or fractured/fissured zones 
are present. 
Consolidated sedimentary rocks can store considerable volumes but productivity is highly 
dependent on the geology. They range from highly productive sandstones and limestones 
through to low permeability mudstones and shale. This aquifer type is distributed across most 
of South Africa, Botswana, southern Angola, eastern Namibia, eastern Democratic Republic 
of Congo, north-west Zimbabwe, eastern Ethiopia, Somalia and across much of the North 
Africa sub-region.  
 
Unconsolidated sediments are probably the more productive aquifers in Africa and occur in 
southern Mozambique, central Democratic Republic of Congo, and across much of the Sahel. 
Unconsolidated sediments are also found along major and minor rivers and in coastal areas, 
but are often fine textured and therefore of low permeability. Groundwater is associated with 
sediments, which vary from coarse gravel and sand to silt and clay. They are easy to drill and 
hand drilling is possible where aquifers are shallow.  
 
Volcanic rocks can be important aquifer resources but complexity of the geology leads to 
high variability in groundwater potential which is related to the presence of fractures. These 
aquifers are mainly located in the Ethiopian and Kenyan highlands and Southern Africa. 
2.2 Resource availability 
The distribution of renewable groundwater is highly skewed. Indeed, more than half of 
Africa’s renewable groundwater is contained in just four countries: The Democratic Republic 
of Congo, The Republic of Congo, Cameroon and Nigeria (Giordano, 2005). Vast amounts of 
groundwater are stored in non-renewable reserves in sedimentary formations such as the 
Nubian Sandstone mainly in the Northern sub-region. While groundwater resources represent 
15% of the continent’s renewable water resources (UNECA et al., 2000), when the total 
amount of water held in storage is taken into account, including fossil water, groundwater is 
in fact the most abundant water source on the continent (UNEP, 2010). 
Whilst the resource availability is relatively well known at the regional and sub-regional 
scales, at smaller scales where development is invariably focused, knowledge of the resource-
base is far from being adequately understood, particularly in SSA. Characterizing the 
availability and distribution of groundwater resources is a vital and important first step for 
identifying the most prospective locations for groundwater development and for gauging the 
likely development potential. Lack of adequate information makes borehole drilling a risky 
business. Across many regions, the complex nature of the hardrock or fissured aquifers that 
may be very heterogeneous and discontinuous in extent leads to high rates of failure in 
drilling new wells (MacDonald et al., 2008). 
2.3 Resource assessments: mapping groundwater potential and sustainability 
There is wide acceptance that the hydrogeological conditions combined with climate 
(particularly rainfall, past and present) are the major controllers of groundwater availability 
and sustainability. Lack of data on the physical extent, accessibility and development 
potential of aquifer systems combined with the vastness of the region is a severe constraint to 
development. Hydrogeological maps provide an invaluable tool to better understand the 
resource and to provide guidance on its management as well as on where to focus efforts in a 
first step that would include more detailed local-scale assessments. 
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Table 1 offers a summary of some studies that have been carried out at the continent, country, 
sub-country and basin scales. Most of the maps and tools developed use either or both 
satellite-based remote sensing methods, geological maps, drilled hole logs and climate data. 
In some cases attempts to validate the maps have taken place with reasonable results. The 
extent of coverage of such maps is limited to just a handful of countries. Works of a similar 
kind are urgently needed in other regions to help lessen the risks and generally support 
decision making about tapping groundwater. 
Table 1: Examples of studies assessing groundwater potential 
 
Notes * GW: Ground Water,  BY: Bassin Yield 
 
 
Study Region Scale Output 
Howard et al. (1992) Uganda country GW* potential 
Wright (1992) Africa continent  GW potential 
Chilton and Foster (1995) Africa continent GW potential 
Biemi (1996) Ivory Coast country 
and sub-
continent 
Water crises and 
constraints,  
GW availability,  
Taylor and Howard (2000) Uganda country GW potential,  flow types;  
GW balance 
Tindimugaya (2000) Uganda country GW potential, GWbalance 
Macdonald et al. (2001) Ethiopia country GW availability 
Taylor et al. (2004) Uganda country GW potential,  flow types 
Mantin and van de Giesen 
(2005) 
Volta Basin basin GW potential 
Woodford et al. (2006) South Africa country GW balance 
Tindimugaya (2008) Uganda country GW potential, 
sustainability,  storage 
capacity, flow types 
WHYMAP (2008) Africa continent GW resources  
BGS (2011) Africa continent BY* , storage capacity, 
flow types, saturated 
thickness 
Forkuour et al. (2011) Northern 
Ghana 
Sub-
country 
GW potential, accessibility 
SADC, 2011 SADC Sub-
continent 
GW drought vulnerability 
Gumma and Pavelic (in prep) Ghana country GW potential 
 3. TRA
KNOW
An inte
boundar
adminis
or more
resourc
Hydrolo
Manage
arising 
aquifer 
Many o
some ca
aquifers
Many, 
NSBOUN
LEDGE
rnational tr
ies that ex
trative arra
 countries 
es in Af
gical Pro
ment Proje
from ISA
systems in 
Fig
(so
f Africa’s l
ses contain
 in Africa
but not all 
DARY A
 
ansbounda
tend over
ngements. 
and so, tr
rica. The 
gram (IHP
ct (ISARM
RM (UNE
Africa (Pur
ure 1: Iden
urce: IGRA
argest reser
 water from
, the most 
of these ar
QUIFER
ry aquifer 
one or m
Most of the
ansboundar
Intergove
) launche
) after its 
SCO-FAO-
i and Aurel
tified trans
C with ack
ves of grou
 previous 
significant 
e indicated
6 
S – DIST
can be def
ore admin
 major aqu
y aquifers 
rnmental 
d the Int
14th session
IAH-UNEC
i, 2009). 
boundary a
nowledgm
ndwater oc
wetter clim
of which a
 in Figure
RIBUTIO
ined as an 
istrative bo
ifer system
represent h
Council o
ernational 
 in June 2
E) identif
quifers of A
ent to UNE
cur in vast 
ates. There
re found i
 1. In fact,
N AND 
aquifer sys
undaries w
s in Africa
ighly impo
f UNESC
Shared A
000. Inter-a
ied 40 ma
frica 
SCO) 
transbounda
 are at leas
n arid and 
 the total n
CURREN
tem with p
ith hetero
 are shared
rtant grou
O’s Inter
quifer Re
gency coo
jor transb
 
ry aquifers
t 60 transb
semi-arid 
umber of 
T 
hysical 
geneous 
 by two 
ndwater 
national 
sources 
peration 
oundary 
, that in 
oundary 
regions. 
aquifers 
7 
 
(including non-shared) is not really known though the actual figure would be higher. Among 
the 15 continental countries of West Africa for example, 12 feature one or more 
transboundary aquifers, with Mali having four (BGR and UNESCO, 2006). 
Every country often has numerous aquifer systems, ranging from isolated alluvial aquifers to 
discontinued aquifers in bedrock formations, through to coastal aquifers and deep aquifers in 
some cases. The range of hydrogeological environments with transboundary aquifers 
according to MacDonald et al. (2008) are as follows: 
• River basins and coastal areas is the location of unconsolidated sediment aquifers. They 
are the more productive aquifers and the easiest to drill. Water potential varies greatly 
since sediments range from coarse gravel and sand to silt and clay. 
• The Rift Valley (East Africa to Southern Africa) features volcanic rocks with high 
geological complexity that creates high variability in groundwater potential. Water 
quality can be problematic in terms of frequent high fluoride concentration in Kenya, 
Ethiopia and Tanzania. 
• The Sahara region and Southern Africa (Karoo and Kalahari Basin) is mainly dominated 
by consolidated sedimentary rocks aquifers which are the most common transboudary 
aquifer type in Africa. Depending of the sediment (sandstone to mudstone), these 
aquifers have a high groundwater potential variability. Storage can be considerable but 
it is mostly non-renewable water as these aquifers are located in semi-arid/arid areas 
where recharge can be very low. The North-west Sahara Aquifer System has a storage 
corresponding to 300 years of annual Nile flow (Sokona, 2010). Recharge rates of up to 
5 mm/yr at the eastern fringe of the Kalahari where annual rainfall exceeds 400 mm 
contrast against values as low as 1 mm/yr or less in some other drier parts of the 
Kalahari zone (De Vries et al., 2000). However, some of these aquifers can have 
partially renewable water with recharge coming from surface water (e.g. ephemeral 
rivers or river’s sources in more humid zone as in the case of the interaction between 
the Nata Sub-Karoo basin aquifer and the Okavango River). 
The degree of knowledge on transboundary aquifers is largely a function of the climatic 
conditions and surface water availability of the area. The more arid countries with little 
surface water resources tend to invest most in studies to assess the potential of transboundary 
groundwater to meet various demands. Some of the better-studied transboundary aquifers are: 
• The strampriet Artesian Aquifer (SE Kalahari/Karoo basin), exploited intensively by 
Namibia whilst Botswana and South Africa do not have significant groundwater usage 
because of low population density and the reduced water quality in the south-eastern 
part of this aquifer system (Scheumann and Polak, 2010). 
• The North-Western Sahara Aquifer (NWSA), comprising two main deep sedimentary 
aquifer layers: the Intercalary Continental and the Terminal Complex. The system 
recharge is about 1 billion m3/year while the abstraction reaches now 2.5 billion m3/year 
(Sokona and Diallo, 2008). 
• The lullemeden aquifer in Western Africa  which has the same structure as the NWSA 
system with the Intercalary Continental at the bottom and the Terminal Complex at the 
top. It is linked to many humid areas and ecosystems and total abstraction now exceed 
the annual aquifer recharge (Sokona and Diallo, 2008). 
• The Nubian Sandstone Aquifer consisting of a number of aquifers laterally and/or 
vertically connected and it can be divided into 2 major systems separated by a low 
porosity layer: the Nubian aquifer system present all over the area and the Post-Nubian 
aquifer system present between Egypt and Libya (Puri and Aureli, 2009). Total 
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abstraction is close to 2 billion m3/year and the water level has generally been declining 
at a rate of 1m to 2m per year (INWEB database, 2007). 
While some aquifer systems have been studied extensively, a great lack of knowledge on 
transboundary aquifers still exists. For example, the number of identified aquifers varies 
according to the source. The International Network of Water-Environment Centre for the 
Balkans (INWEB) database presents 15 transboundary aquifer systems in the South 
Mediterranean region while the ISARM-IGRAC database shows only 8. The “missing” 
aquifers are mainly small and located between Morocco and Algeria. Disparity in the 
database and lack of knowledge on the aquifer boundaries shows that the identification and 
the understanding of the transboudary aquifers still need improvement. 
4. CLIMATE CHANGE IMPACTS ON GROUNDWATER  
Globally, the impact of climate change on the hydrological system is predicted to increase 
current variability in the spatial and temporal distribution of precipitation over the next 
century. Current forecasts, although uncertain, suggest that subtropical regions in Africa as 
well as the ‘Horn of Africa’ will experience a reduction in precipitation whereas precipitation 
in the humid tropics is predicted to rise. The tropics is also where the impacts of rapid 
development and climate change on water resources are expected to be the most severe and 
where the need for sustainable adaptive management strategies in the water sector is greatest 
(Taylor et al., 2009). In addition, it is the tropics where the human and institutional capacity 
and hydrological knowledge base to devise adaptive water strategies are the most limited. 
Climate change is not only a problem of the future; it is an issue of the present. In the most 
productive northern regions of Algeria for example, major declines in rainfall have been 
experienced in recent decades, placing greater stress on both surface water and groundwater 
systems. Studies indicate that the shift toward more intensive rainfall as a result of global 
warming will result in more variable river discharge and reduced soil moisture storage 
(Taylor and Tindimugaya, 2009). These will threaten food security as well as access to safe 
drinking water. The increased spatial and temporal variability in precipitation will therefore 
increase reliance on groundwater to meet domestic, agricultural and industrial water 
demands.  
Groundwater resources, which account for over 90% of the world’s accessible freshwater 
according to Shiklomanov and Rodda (2003), are expected to be key in the strategies to adapt 
to changing freshwater availability and demand throughout Africa. Groundwater has always 
enabled communities across Africa to adapt to seasonal or perennial shortages in surface 
water by providing water for drinking, watering livestock, and more recently for irrigation. 
As groundwater abstraction intensifies it is not clear whether intensive groundwater 
abstraction to meet the increasing demand for domestic and agricultural water is viable or 
sustainable. While the impacts of climate change on groundwater resources in Africa 
continue to be reported in literature (e.g. Adelana et al., 2008; Carter & Parker, 2009; 
MacDonald et al., 2009) a quantitative understanding of the impact of climate change on 
groundwater resources remains poorly defined. 
Research in various areas suggest that a shift towards more intensive rainfall – a robust, 
generic climate change impact – serves to increase groundwater recharge (and surface runoff) 
but reduce soil moisture in weathered-fractured aquifer systems on surfaces of low relief 
(Taylor and Tindimugaya, in press). Supplemental irrigation with groundwater is 
consequently a logical strategy to adapt to reduced soil moisture (and crop yields) associated 
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with variable rainfall. The studies further show that the estimated uncertainty in current 
projections of climate change impacts on groundwater resources is so large (e.g. 17% decline 
to 83% rise in Uganda) and is a concern to water management (Figure 2). 
 
 
Figure 2: Projected changes in mean annual groundwater flow in the River Mitano Basin, 
relative to the 1961-1990 baseline period, under a 2°C rise in global mean air temperature for 
the priority subset of CMIP-3 GCMs (adapted from Taylor and Tindimugaya, in Press). 
5. POLICY IMPLICATIONS RELATED TO GROUNDWATER  
5.1 West Africa 
Groundwater is the most important water resource and the most heavily used by West African 
populations. With its buffering capacity (storage of runoff during periods of surplus, feed 
streams and / or levies in times of deficit), the reservoirs constituted by aquifer systems are 
likely to play an essential role in the adaptation to the effects of climate change. 
In addition, good groundwater quality is very important in achieving the MDGs. Adverse 
quality is related to the geology of the aquifer (e.g. fluoride and arsenic levels), the incidence 
of salt water intrusion (for coastal aquifers in particular), but also to human activity and 
industrial and other pollution sources (wellfield in urban areas in particular). In Senegal, 
where more than 80% of drinking water comes from groundwater, this resource is found in 
the central part of the country where natural fluoride pollution occurs with concentrations 
higher than the maximum standard of safety set by WHO (1.5 mg/l). The fluoride content can 
reach 8.5 mg /l and constitutes a major public health problem in Senegal. In Burkina Faso it 
was officially noted that some wells had a concentration of arsenic exceeding the standards 
set by WHO (10 µg/l), sometimes reaching 1,600 µg/l. These examples show the importance 
and need for improving the knowledge of the resource in terms of quality as well as quantity. 
Concerning the quality of groundwater, UNESCO rightly notes that human impact will be far 
more important than the impact of climate change, particularly in terms of saline intrusion in 
coastal aquifers. Indeed, it is well known that in coastal aquifers in West Africa, saltwater 
intrusion is so severe that, at the Wellfield Plateau (Abidjan) and Southern Abidjan, Ivory 
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Coast, Godomey in Cotonou, Benin and Agouévè in Lome, Togo production from some 
water supply boreholes was stopped to halt the progression of this phenomenon. 
From the standpoint of the quantity, to meet the growing needs of multiple uses, but also in 
terms of quality, knowledge of the resource is paramount and is also an essential element in 
the development of decision support tools. The aquifers of West Africa are still very poorly 
defined in terms of their physical boundaries, exploitable volumes, quality, etc. However, the 
situation appears quite uneven, depending on the aquifer. Some aquifers have huge water 
resources that are yet to be tapped for the socio-economic development of large populations. 
Other aquifers are on the contrary overused (e.g. the Quaternary sands in Abidjan) to cover 
the ever growing water needs due to urbanization and rapid population growth and the 
inherent impacts (increase in water demands for irrigation and livestock). 
Conflicts often arise from ignorance of the real potential of the resource. Strengthening the 
research and implementation of appropriate policies and relevant institutional arrangements 
for the joint management of aquifers are essential. 
Among the experiences from which one can learn, are: i) the work of the Sahel and Saharan 
Observatory (SSO) on groundwater, including the study of the North Western Sahara Aquifer 
Basin (NWSA), the first synthesis of hydrogeological knowledge of the Southern Sahara 
basins (Senegal-Mauritanian Basin, the Taoudeni Basin, the Iullemeden Basin and the Chad 
Basin); ii) the collaboration between Mali, Nigeria and Niger for joint management of the 
Iullemeden aquifer system with the support of the SSO. iii) the Senegal River Basin 
development Organisation (OMVS) has installed a large piezometric network in the valley to 
assess the recharge of aquifers adjacent to the river; after the completion of the Diama Dam at 
the mouth of the river, and Manantali Dam upstream. This network consisted of 1174 
piezometers including 403 (237 piezometers and 166 village wells) on the right bank, 748 
(332 piezometers and 416 village wells) in left bank and 23 (20 monitoring wells and three 
boreholes) in the upper basin around Manantali. A weak point in this regard is that the 
monitoring of piezometers was, as usual, too much related to the project activities, and proper 
monitoring was not carried out for more than fifteen years in some countries. OMVS felt 
obligated to reclaim the monitoring of that piezometric network even though this should have 
been considered as a sovereign mission of the States concerned. 
Groundwater initiatives are lacking at present; the fact is that, both at national and regional 
levels, the policies and development strategies confer very poor consideration to 
groundwater. Some issues raised for improved water resources management in West Africa 
during the national IWRM processes in Benin, Burkina Faso, Cape Verde, Mali, and Togo 
include: 
- Very poor knowledge on groundwater (in terms of quantity, quality and uses) 
- Lack of tools to monitor, evaluate and manage groundwater effectively 
- Poor policy and legal tools regarding this resource 
- No management mechanisms/arrangements for groundwater 
- The lack of human resources (in terms of qualified hydrogeologists)  
 
The African Groundwater Commission, AGWC, is set up under the auspices of the African 
Ministers’ Council on Water (AMCOW). A lot of work is still needed to translate this 
political commitment into a practical and fully functioning body. At the sub-regional level in 
West Africa, there is a lack of organizations addressing the collaborative management of the 
existing shared aquifers. The ECOWAS Water Resources Policy for West Africa, the 
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ECOWAS Common Agricultural Policy (ECOWAP), the ECOWAS Environmental Policy 
and the sub-regional Action Programme to reduce vulnerability and for adaptation to climate 
change in West Africa are key policy and orientation tools for sustainable development. 
 
The ECOWAS Regional Water Policy mentioned that “the community recommends the 
establishment of transboundary basin organizations that will deal with underground water by 
developing dialogue between countries when aquifers concern several basins”, and that a 
“better knowledge of surface and underground water resources” is needed. 
Some initiatives are underway but need to be strengthened, including: 
- The Sahara and Sahel Observatory (SSO) which is an advanced research and expertise 
centre on transboundary aquifer systems. SSO has conducted for several years a 
programme called "Collaborative Water Resources Management", as part of which the 
Iullemeden aquifer system was studied (Mali, Niger and Nigeria, through a SSO, CILSS 
and UNESCO cooperation). Other similar projects are also being drafted by SSO in West 
Africa (e.g. the Senegalo-Mauritanian aquifer system). 
- The initiative from GWP/WA on a “Dialogue for a Collaborative Management of 
Transboundary Aquifers in West Africa”  
Indeed, various institutions are working in many countries but they are scattered, isolated and 
uncoordinated. Groundwater management organizations should be created and linked up with 
existing river basin organizations. Cooperation between neighbouring countries is therefore a 
requirement if we are to reduce the risks of degradation and allow sustainable use of these 
shared resources. 
During the last decade and mainly after the World Summit on Sustainable Development 
(WSSD) in Johannesburg in 2002, countries in West Africa made an important effort to 
develop their national IWRM Plans. The process including the diagnosis study on the threats 
and stakes in water management and the prioritization of the national plans, groundwater 
management appeared as one of the major issues. The national water policies adopted 
Integrated Water Resources Management (IWRM) principles but the actual implementation 
strategies and programmes are still not giving enough importance to groundwater.  
 
In terms of investments, funds are invested in infrastructure projects on the basis of 
immediate priorities and not within institutional frameworks for concerted longer term 
resource management. When investments are made in water resources management, these go 
to surface water primarily. It is now time to make some investments in groundwater 
management, building upon improved knowledge and consultation among parties. 
5.2 East Africa 
Considering that there will be heavy reliance on groundwater for meeting rapidly rising 
demand for domestic and agricultural water as surface water resources reduce, or become 
more unreliable due to climate change, there is a need to improve understanding of the 
sustainability of intensive groundwater abstraction throughout Africa (Taylor et al., 2009). 
Close monitoring of intensive abstraction of groundwater by users and regulators as well as a 
process of ‘learning by doing' are key in informing proactively sustainable groundwater 
development policies. 
Recognising that development of effective water management policies and planning of 
sustainable water development require knowledge gained through sustained and accurate 
monitoring of climate conditions (Taylor et al., 2009) and water resources, that groundwater 
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and surface water resources are hydraulically connected in many areas (Taylor and Howard, 
2000; Tindimugaya, 2008), and that groundwater is often ignored in water resources 
management activities, initiation or expansion of climate and water monitoring activities as 
well as integration of groundwater into River Basin Management plans are needed (Taylor et 
al., 2009). 
5.3 Southern Africa 
The Southern African Development Community (SADC) is a regional cooperation 
organization comprising 15 member states in Southern Africa1. The overarching goal of the 
SADC is ‘Regional Integration and Poverty Eradication’ and the SADC recognizes 
groundwater as a high potential water supply in rural areas of many countries in SADC as 
they make effort to meet the MDGs (SADC, 2011). However, groundwater knowledge which 
is a key for developing and managing groundwater resources is often poor in half of the 
countries of the SADC. The more advance countries on groundwater database (South Africa, 
Botswana, Namibia) are located in the semi-arid/arid part of SADC region (BGR et al., 
2007). 
The management of transboundary waters in SADC is subject to a regional protocol based on 
the principles of international water law. Following the 1997 United Nations Convention on 
the Non-Navigational Uses of the National Watercourses, the 1995 protocol on shared 
Watercourses Systems (PSWS) was revised in 2000 and entered in force in 2003. SADC 
states have an obligation to manage groundwater within the legal framework provided by the 
Protocol (Christelis et al., 2010). 
The Protocol on shared Watercourses Systems defines a watercourse system as “the inter-
related hydrologic components of the drainage basin such as streams, rivers, lakes, canals and 
underground water which constitute a unitary whole by virtue of their physical relationship. 
The definition of shared watercourse system is also explained as a “watercourse system 
passing through or forming the border between two or more basin states”. Hence 
underground water is specifically named in the protocol and transboundary aquifer is part of 
the shared watercourse system. The protocol also indicates that the member states undertake 
to establish river basin commissions. SADC region comprise 16 rivers basins2 including the 
upper reaches of the Nile basin. However, only 10 River Basin Organizations (RBO’s) 
already exist including the Lake Tanganyika Authority (Figure 3) and four river basins 
(Umbeluzi, Save, Buzi, Pungwe) still do not have their own RBO’s. The RBO’s operate 
under sound legislation and system for planning and stakeholder involvement and embracing 
the Dublin principles of IWRM (Braune et al., 2008). They are, among other things, in charge 
of the harmonization of national water resource legislation, the monitoring and the control of 
the water uses and the environment protection of the resources of shared watercourse 
systems. 
To reinforce its objectives, the SADC presented the Regional Water Policy (RWP) in 2005 
then the Regional Water Strategy in 2006. The RWP has been formulated to follow the 
adoption of the MDG’s and the World Summit on Sustainable Development (WSSD) targets. 
These water-related targets such as increasing water access and food security have a 
                                                            
1 Angola, Botswana, Democratic Republic of Congo (DRC), Lesotho, Madagascar, Malawi, Mauritius, 
Mozambique, Namibia, Seychelles, South Africa, Swaziland, United Republic of Tanzania, Zambia and 
Zimbabwe 
2  Congo, Zambezi, Kunene, Cuvelai, Okavango, Umbeluzi, Ruvuma, Limpopo, Save/Sabi, Buzi, Pungwe, 
Incomati, Maputo, Orange and Nile 
 
 signific
especia
water su
As an e
and Dr
capacity
part of 
Studies
strength
groundw
 
Figure 3
(source
ant impact 
lly on grou
pplies in th
xample of 
ought Man
, knowledg
the project,
, University
en and sup
ater mana
: River bas
: SADC Wa
on water r
ndwater re
e SADC re
a key initia
agement P
e products
 a groundw
 of the Fr
port ongoin
gement. 
ins within 
ter Sector I
esources m
sources, wh
gion (Brau
tive that is
roject 2007
 and tools r
ater manag
ee State, B
g initiative
SADC  
CP Collabo
13 
anagement
ich is the 
ne and Xu, 
 underway,
 to 2011
elated to gr
ement insti
loemfontei
s for region
ration Port
 at the nat
largest wat
2008). 
 SADC has
supported b
oundwater 
tute, hosted
n, South A
al collabor
al, 2011) 
ional and r
er supply s
 embarked
y GEF/W
managemen
 by Institut
frica, is be
ation and c
egional lev
ource for d
 on a Grou
B. This wi
t in the reg
e for Grou
ing establ
apacity bui
 
els and 
omestic 
ndwater 
ll build 
ion. As 
ndwater 
ished to 
lding in 
14 
 
6. FUTURE RESEARCH NEEDS AND OPPORTUNITIES  
There is a growing recognition that groundwater management in Africa is an essential 
component of climate change adaptation strategies. Renewable groundwater resources in 
Africa are underutilised, yet groundwater can play a major role in assisting farmers increase 
food production and also overcome the threat to food security posed by more variable rainfall 
as a result of climate change. Research is needed on how to overcome major obstacles to 
groundwater development such as the high costs of well construction and limited 
understanding of groundwater resources that currently restrict development of groundwater 
for irrigation in many parts of Africa. Presently, less than one percent of the area under 
cultivation is irrigated by groundwater in SSA (Siebert et al., 2010).  
Sustainable use of renewable groundwater resources depends upon the quantity and quality of 
groundwater recharge. However, there is substantial inter-annual variability in groundwater 
recharge in Africa and long lag times between recharge events and aquifer replenishment 
(Tindimugaya, 2008; Taylor et al., 2009). Sustainability is also dependent upon allocating 
water for all sectors, including for the environment to support ecological services. This 
therefore calls for an improved understanding of the role of groundwater storage and 
groundwater discharge in sustaining groundwater-dependent ecosystems. 
Understanding the flow and storage properties of groundwater in various aquifer systems is 
key to their sustainable development and management (Taylor and Howard, 2000; 
Tindimugaya, 2008). For example, current understanding of the weathered and fractured-
bedrock aquifers is simplistic and largely conceptual implying that there is an urgent need for 
quantitative information regarding groundwater flow and storage (Tindimugaya, 2008). 
Specific knowledge gaps include circulation rates in aquifer systems and the response of 
aquifer systems to intensive abstraction. Further research is required to improve 
understanding of the interactions between various aquifers and to assess the impact of 
increased pumping rates from various aquifer systems simultaneously with climate change on 
the sustainability of groundwater utilization.  
Considering that there is great uncertainty in current projections of climate change impacts on 
groundwater resources in part, groundwater management needs to become both adaptive 
(‘learn by doing’) and informed (Taylor et al., 2009). This requires the expansion and 
establishment of groundwater and meteorological monitoring systems at various levels to 
assess how groundwater systems respond to abstraction and climate variability. 
This will require establishment and expansion of groundwater and meteorological monitoring 
networks at the national or basin scale to assess how groundwater systems respond to human 
impacts as well as climate variability. Not only do future needs include increasing scientific 
knowledge on aquifer systems, but also in terms of institutional arrangements, that will 
require increasing cooperation amongst countries sharing common groundwater resources.  
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